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Benefit Cost Analysis for Advanced Metering DRAFT
and Time-Based Pricing

APPENDIX A. NUMBER OF METERS

Among the 10 utilities included in the analysis, the AMI infrastructure investment cost
estimates, meter data management system costs, and operational benefits were based on
the number of meters served by each utility. All single and three phase meters were
included, including those for off-peak water heating and large industrial customers (who may
already have interval meters). On the other hand, DR benefit estimates were based on the
number of customers, some of whom were excluded from the benefit analysis as detailed in
Appendix D.1.

Table A-1 presents the overall number of meters by type for each utility that underlie the
cost analysis.

Table A-1:
Number of Meters by Type
Utility Single Phase Other Meters Total Meters
Meters
Burlington Electric 18,947 914 19,861
Central Vermont 171,691 8,471 180,162
Green Mountain Power 87,707 6,496 94,203
VEC 39,138 40 39,178
Washington Electric 10,265 0 10,265
Small Utilities [1] 20,597 512 20,409

[1] The estimate for the small utilities was developed by adding the total number of meters reported in response to the data
request, except for Ludlow. The number of meters reported for Ludlow was roughly 700 fewer than the number of
customers reported in response to the data request and in the utility Annual Reports delivered to DPS. Consequently, the
number of meters reported by Ludlow was increased by 700 to match the number of customers.

For CVPS, GMP, VEC, WEC, and the smaller utilities, both the number of meters and the
number of customers were projected to grow over time at the rate of 0.52% per year, as
detailed in Appendix G. BED provided its own forecast of customer growth, equal to 0.39%
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APPENDIX B. TECHNOLOGY ANALYSIS

This appendix documents the specific input values and assumptions employed in calculating
AMI meter costs, network costs, and meter data management system (MDMS) costs.

B.1. METER COSTS

For each utility, the total cost for meters over the life of an AMI investment is a function of
the following factors:

¢ The number of meters by type (e.g., single phase, three phase, etc.);

¢ Replacement strategy (e.g., retrofitting existing meters or replacing them with
electronic meters);

e The average cost per meter by type, which differs between the deployment phase,
when meters are purchased in bulk, and the post-deployment period when new
meters are installed in future years either to replace failed meters or to support
customer growth;

o The average installation cost during the initial deployment phase;

e Meter failure rate, including any variance due to incremental complexity from options
additions;

o Meter warranty duration;
e Customer growth rates (these values were documented in Appendix A);

¢ The incremental hardware costs for additional functionality, such as remote
connect/disconnect capability, home area network capability, meter memory, and
others.

The number of single-phase and non-single phase meters in the base year for each utility
was obtained through responses to a data request that was sent to each utility company.
(See Appendix H for a copy of the data request that was sent out.) Table A-2 in Appendix A
shows the number of meters by type and the total number of meters for each utility. .

In recent years, competition has led to a situation where, currently, there are only marginal
differences in meter costs across vendors for meters with the same functionality. Put
another way, costs do not vary much for meters with radio transmitters versus those that use
power line carrier technology given the same level of meter functionality. However, the
associated AMI network infrastructure cost can vary dramatically on a per meter basis. The
meter cost used in this analysis for each utility and technology option during the initial
deployment phase is $85 per meter for single phase meters and $300 per meter for all other
meters. These values are based on a review of public domain information filed by several
utilities in support of their regulatory funding requests. Our analysis implicitly assumes that
the smaller utilities in Vermont will be able to obtain similar pricing to that of the larger
utilities through buying cooperatives or some other form of cooperative procurement
process. If this is not true, the cost for these utilities may be higher.
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Installation costs also vary by meter type and the volume of work to be contracted. The
assumed installation cost for the initial AMI deployment phase is $20 for single phase
meters and $75 for all other meters. These values assume that meter installation is
outsourced and completed in an efficient manner over a relatively short time period. If
meters are installed by utility personnel over an extended time period, costs could be higher.
If Vermont’s utilities could fin a way to coordinate their efforts regardless of AMI technology
selected, costs will be lower than if this is not possible.

Beyond the initial deployment phase, additional meter costs will be incurred to support
customer growth as well as to replace failed meters. It is assumed that the cost per meter
will be higher in future years because of the small number of meters being purchased each
year. This is true of both AMI meters and standard meters. The relevant value for analysis
purposes is the incremental cost of an AMI meter over and above what the cost of a
standard meter would have been in the same year." We assume that the cost for both
single and polyphase AMI meters beyond the deployment phase is 150 percent of the cost
during the deployment phase. The cost of standard replacement meters (both
electromechanical and electronic) in small lots is assumed to equal roughly $35 for a single
phase meter and $150 for a polyphase meter. Thus, the incremental cost of an AMI
replacement/new meter compared with a standard meter is $92.50 for single phase meters
[($85)(1.5) - $35] and $300 for a polyphase meter [($300)(1.5) - $150].

Installation costs for new and replacement meters beyond the initial deployment period do
not factor into the analysis, based on the assumption that the installation costs are
essentially the same regardless of whether an AMI or a standard meter are installed in
future years and that the replacement rate is the same for both meter types. We have
assumed an annual replacement rate equal to 1 percent for both AMI and standard meters.

Another factor that must be incorporated into the cost analysis is that AMI meters typically
come with a warranty. During the warranty period, no incremental meter costs would be
incurred under the AMI scenario for replacement meters, whereas costs would be incurred
for meter replacement during the same period for standard meters. The warranty period for
AMI meters appears to vary significantly across vendors and contracts. Some of the largest
utilities have such strong bargaining power that they have been able to negotiate enhanced
meter warranties compared with the industry standard which is closer to one year. For this
analysis, we have assumed a 2 year warranty period for new AMI meters.

All of the meter cost estimates described above were adjusted for inflation using a general
inflation rate equal to 2.5%.

The final major hardware cost estimate required to complete the analysis concerns the
incremental cost needed to incorporate remote connect/disconnect capability into the AMI
system. The net benefits associated with remote connect/disconnect functionality was only
examined for BED, where the high rate of customer turnover (due in large part to the high
concentration of student and multi-family customers) suggested that this functionality might

' A standard replacement meter might be an electromechanical or electronic meter. Many meter manufacturers
are phasing out electromechanical meters so that, even in the absence of AMI, electronic kWh meters are being
installed when an electromechanical meter fails. The prices for new electromechanical and “plain label”
electronic meters are currently very similar and we have assumed they are equal in this analysis.
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be cost-effective. Based on recent public domain information, we assume that the
incremental cost to add this capability to AMI meters is $50/meter. This estimate assumes a
reasonably large volume. .

B.2. NETWORK AND COMMUNICATION COSTS

As with meters, the selection of and costs associated with the AMI communication network
is based on a variety of factors. On a broad level, the drivers of overall cost can be divided
into factors that affect the cost of the network equipment and factors that affect the cost of

ongoing maintenance and operations. Figure B-1 shows the various factors that influence

overall network costs.

Figure B-1
Factors Influencing Network Technology Costs
Network Equipment and Installation Operations and Maintenance
Meter density Equipment reliability
Number of meters Replacement/repair costs
Network technology
choice and cost
Cost per data concentrator Warranty coverage
Concentrator speed and capacity WAN communication costs

Section 3 of this report outlined the primary AMI technology options that are currently on the
market. As explained there, for a given system functionality, key drivers of technology
choice are meter density, measured in terms of meters per square mile for RF systems and
meters per substation for PLC systems, and terrain, since hilly terrain can be quite limiting
for star systems. Both density (or lack thereof) and terrain are potentially limiting factors in
Vermont. Determining the best technology choice for each utility in Vermont would require a
detailed propagation study, which was beyond the scope of this project. However, as
described later in this section, we were able to consider the impact of density to some
degree based on higher level data that was available.

As indicated in Section 3, broadband over power line technology is a “non-starter” in
Vermont due to the very low ratio of meters to transformers. Similarly, long range star radio
technology is a “non-starter” due to the relatively rural population and mountainous terrain in
Vermont, which significantly diminishes the effective range of these systems. This is evident
from the following “back-of-the-envelop” analysis.

The installed cost of a concentrator for short range star systems is on the order of $2,000
whereas long-range star systems have an installed cost upwards of $100,000 for a
concentrator. With an effective range of up to 10 miles, in completely flat terrain, a long
range system could in theory cover 300 square miles. Short range star systems have an
effective range of perhaps 1 mile, which would provide coverage of 3 square miles. Thus,
ignoring the need to overlap the concentrator coverage area for short range star systems in
order to ensure full coverage, it would take 100 concentrators, at a cost of $200,000, to
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cover the same flat area that could be covered by a single long-range star system at a cost
of $100,000. Given the need for overlap, a short range star system might actually require
more like 150 concentrators, making the long-range star system even more cost effective.

However, in Vermont, the relative cost effectiveness of the two systems is quite different.
For example, the area with the most favorable characteristics for a long range star system is
the BED service territory, which has roughly 20,000 meters spread over a relatively
compact, flat 16 square-mile service territory. Assuming that a single, long-range star
system could cover the entire service territory, the concentrator cost would equal $100,000.
With a short-range star system, ignoring the need for overlapping coverage areas, the 16
square miles could be covered using roughly 6 concentrators, at a cost of $12,000.
However, if we assume that the effective coverage for these systems is only 2 square miles
rather than 3, in order to allow for overlapping coverage, we would need 8 concentrators at
a cost of $16,000. Even if you needed a concentrator for every 1 square mile, the cost
would only equal $32,000, which is much less than the $100,000 cost for the long-range
system. In short, the long-range star system is not cost-effective in Vermont even under the
most favorable set of assumptions—the low concentration of customers combined with hilly
terrain eliminates this technology option from detailed consideration.

B.2.1. Hardware and O&M Costs for AMI Networks

With BPL and long-range star networks eliminated based on the preliminary analysis
described above, three primary AMI technology options were considered in more detail:
short-range star, mesh and PLC. Without the benefit of detailed propagation studies, it is
impossible to adequately consider short-range star systems except in the BED service
territory, which is compact and flat enough to allow for reasonable assumptions to be made
in the absence of a propagation study. Consequently, we considered all three options for
BED but only examined mesh and PLC for the remaining utilities.

Table B-1 contains estimates of the hardware and operating costs associated with the three
technology options. For short-range star networks, a concentrator with an effective range of
2 square miles (taking into consideration the need for overlapping coverage areas) has an
installed cost of $2,000 and no practical limitation on the number of meters that it can
handle. For PLC, there are two types of concentrators that vary with respect to cost and
throughput capacity. Although both types are labeled low speed, the speed is sufficient to
deliver hourly data for all meters within a 24-hour period. The higher capacity concentrators,
with an installed cost of roughly $35,000, will deliver data for up to 8,000 meters while the
lower capacity concentrators have a maximum capacity of roughly 4,000 meters and an
installed cost of approximately $25,000. For mesh systems, concentrator costs are even
lower than for star systems, but there may be a need to install repeaters, depending on the
distance between meters. Concentrator costs are estimated to equal $1,000 while
repeaters have an estimated installed cost of roughly $300.

Maintenance costs for all systems are based on an assumed failure rate of 5 percent per
year and equipment and installation costs for replacement that are 50 percent higher than
the initial costs.
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The operation costs cover communication charges to deliver data from each concentrator to
the MDMS using high-speed communication lines. The assumed cost is $100 per month for
each concentrator, or $1,200 per year.

Table B-1
Network Technology Components and Costs
Equipment
Maintenance Operation
Equipment Cost Installation Cost Costs* Costs
Network Type Network Component per unit per unit per unit/year per unit/year
Fixed Radio Frequency

Star radio concentrator - short range $1,800 $200 $150.00 1,200
Star radio concentrator - long range $95,000 $5,000 $7,500.00 1,200

Power Line Communications
Low speed, high capacity $30,000 $5,000 $2,625.00 1,200
substation concentrator

Low speed, medium capacity $22,000 $3,000 $1,875.00 1,200
substation concentrator

Mesh Radio
Mesh radio concentrator $900 $100 $75.00 1,200
Mesh radio repeaters $200 $100 $22.50  Not applicable

B.2.2. Meter Density and Number of Network Components

For all three of the primary network technology options considered, meter density affects the
required number and type of network components. The type of meter density analysis
required varies according to the network technology in question.

For the RF network technologies, estimating the number of data concentrators requires
location-specific data including terrain details, in order to optimize the placement of data
concentrators, ensure full coverage, and minimize costs. For a star network, where the data
makes only one hop to the collector, it is important to know with great accuracy the GIS
location of meters, whether they are indoors or outdoors, the terrain, the location and
availability of poles and towers. Some star networks require the collector antenna to be
located from 200 to 800 feet above ground. Most utilities do not own such towers where the
spacing is at least one every 3 miles, resulting in the need to lease tower access from third
parties.

For a mesh radio network, where data “hops” from one meter to the next, location-specific
data is required even though the technology is highly adaptable to terrain and city or village
contours. Specifically, the potential network gaps need to be identified in order to calculate
the number of repeaters necessary to connect clusters of homes/buildings.
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For PLC technologies, meter density per substation rather than geographical density is
generally the driving factor of the number and type of data concentrators needed. This can
be impacted by the required data rate as driven by the applications and their needs and in
some cases may require the addition of repeaters on the power line which impacts the
installed capital expenditures as well as life cycle operations cots. Some PLC technologies
are sensitive to the distribution network’s architecture and whether there are subsidiary
substations that are directly tied to an upstream substation such that the aggregate meter
population must be considered in determining the load and traffic capacity. Additionally the
applications must be carefully considered with PLC systems as they tend to have more
limited bandwidth and therefore less message carrying capacity as compared to most RF
systems. For example, some PLC systems require utilities to “ping” (constantly request
meter status) meters to determine whether or not a meter is energized. Pinging is must be
done at a frequency that meets the utility’s goal for awareness of outages. If a utility wants
to know on average within 90 seconds whether a customer has an outage then it must ping
meters every 3 minutes. This can create product issues due to heating.

The point is that final network design requires substantial effort in all cases in order to
ensure that the utility has an accurate design that meets its needs for the foreseeable future
and that it does not find itself having to buy more network hardware over time as a result of
a system that was poorly designed initially.

Star Network Technology

As described above, the mountainous terrain and rural nature of the population made it
impossible to determine whether star technology might be cost-effective except in the
relatively flat, compact BED service territory. For BED, in order to ensure full coverage, we
assumed that one data concentrator would be required for every two square miles. Given
the 15.5 square miles served by BED, this results in the need for 8 star concentrators.

Mesh Radio Technology

The number of data concentrators and repeaters required for a mesh network depends on
the location of the customers and the area in question. For a given area, the required
number of concentrators is determined either by the number of meters within range of a
concentrator or the size of the coverage area. Vendors claim a maximum coverage area of
27 square miles. To be conservative, we used a value of 25 square miles. Mesh
concentrators have a capacity ranging from a few hundred meters to roughly 3,000. We
used a value of 3,000—given the relatively small number of concentrators required to
support AMI in Vermont, the benefit-cost analysis is not terrible sensitive to this value.
Based on our assumption of 3,000 meters per concentrator, if there were fewer than 3,000
meters in 25 square miles, one concentrator should cover that area. On the other hand, if
there were 9,000 meters within the same 25 square mile area, three concentrators would be
needed. Once again, a detailed propagation study would be required to determine the
precise number of concentrators required for each utility. As an alternative, we used the
following process to create a general estimate:

1. Calculate the number of data concentrators required if data capacity is the limiting
factor, assuming a concentrator can support hourly pricing for 3,000 meters;
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2. Calculate the number of data concentrators required if geography (sqg. miles) is the
limiting factor, assuming one concentrator for every 25 square miles;

3. For utilities where the number of meters is the limiting factor (BED only), use this
value;

4. For utilities where the number of concentrators is greater using geography as the
limiting factor use 75 percent of the value based on size;?

5. For the small utility group, use the number of concentrators based on size of territory,
since these utilities are not contiguous and it is unlikely that they would be able to
share the same concentrator to cover multiple service areas.

Table B-2 summarizes the estimates for each utility.

Table B-2
Calculation of Number of Mesh Concentrators

# of Concentrators Needed
Basedon Sq. Basedon #

Utility Sq. Mi. # of Meters Mi. of Meters  Base Case
Burlington Electric 16 19,765 1 7 7
Central Vermont 4,178 173,365 167 58 125
Green Mountain Power 1,600 93,866 64 32 48
Washington Electric 1,197 10,238 48 4 36
Smaller Utilities 468 21,045 19 7 19

As with concentrators, determining the number of repeaters needed to cover any gaps
between clusters of homes requires location specific information. In the absence of this, a
proxy approach was used that assumes that repeaters are not needed in the more densely
populated areas (cities and town villages), and that one repeater is needed for every X
meters for the less dense areas outside of the cities and town villages, with X varying
depending upon the size of the service territory.

To assess the number of data repeaters necessary to cover gaps between clusters of
homes, the analysis relied on 1) Efficiency Vermont data that provided the distribution of
service addresses® by provider and by town or city, and 2) U.S. 2000 Census Data
customized to identify Vermont towns and villages (or town centers) and their respective
population and area (in sq. miles)*. The following steps were used to estimate the share of

2 The actual number will depend on the extent to which customers are clustered throughout the service territory
and the distances between clusters. Using 100 percent of this value almost certainly overstates the number of
required concentrators.
3 Note that the determination of the number of repeaters is based on the number of service addresses whereas the
concentrator estimate is based on the number of meters. In some service areas (e.g., CVPS) there is a relatively large
number of service addresses with multiple meters. Since the number of repeaters is a function of the distance
between meter locations, using the number of meters to determine the number of repeaters would overstate the
required number of repeaters to bridge the gap between locations.
4 The town and village level data is available through the Vermont Center for Geographic Information and can be found
at: http://maps.vcgi.org/indicators/downloaddata.cfm
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meters served by each utility in urban areas (e.g., town village) and rural areas (e.g., outside
the town village):

1. Calculate the share of service addresses served by each utility, by town, using the
Efficiency Vermont database.

2. Allocate town villages to a specific utility if that utility serves 60 percent or more of the
service addresses. This step was necessary because the available data sources
provided information by town and towns are not exclusively served by a single
provider.

3. Calculate the share of the town population that lives inside and outside of the town
village (for towns with 1,000 or more meters) using the U.S. 2000 Census data.

4. Assume the proportion of the population living outside of the town village is similar to
the proportion of service addresses outside of the town village.

5. Calculate the service addresses outside of the town village.

Table B-3 lists the estimated number of data repeaters under different assumptions about
the number of repeaters needed to bridge the gap between locations for meters outside of a
village. The final column shows the number of repeaters used in the base case scenario for
each utility. Given the compact size of BED’s service territory, we assumed that no
repeaters would be needed. For CVPS, GMP and the small utility group, the number of
meters per square mile ranges from 36 to 59, whereas the number for WEC is 8. As such,
we based out estimate on 15 meters per repeater for CVPS, GMP and the small utility
group, and on 5 meters per repeater for WEC.

Table B-3
Estimated Number of Repeaters Needed to Support Mesh Network
Service Addresses # of Repeaters Needed Base Case
Based on X Meters/Repeater
Utility Total In Town Village ~ Outside Town Village 5 10 15
BED 19,548 19,548 0 0 0 0 0
CVPS 156,855 41,064 115,791 23,158 11,579 7,719 7,719
GMP 94,902 41,057 53,845 10,769 5,385 3,590 3,590
WEC 9,405 4,649 4,756 951 476 317 951
Small 17,020 2,692 14,328 2,865 1,433 955 955

Utilities

Power Line Communications Technology

The key determinant of network costs for PLC technology is the number of substations and
the cost per substation which is a function of the number of meters served by the substation.
Recall the discussion earlier in this appendix that there are high capacity and low capacity
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substation concentrators, with the former capable transmitting interval data for roughly 8,000
meters and the latter capable of serving roughly 4,000 meters. Given this, it was necessary
to determine the number of substations that have meters above and below these thresholds.

Table B-4 shows the number of substations in Vermont and the number of meters
connected to them based on data provided by the utilities.

Table B-4
Vermont Substations and Connected Meters
#of Avg Meters

Substations Serving... Substations % Meters % per substation

a. 1 Meter 3 1.1% 2 0.0% 0.7

b. 2-100 Meters 26 9.8% 615 0.2% 23.7

c. 101-500 Meters 55 20.7% 15,965 4.4% 290.3

d. 501-1,000 Meters 52 19.5% 37,444 10.4% 720.1

e. 1,001-3,000 Meters 106 39.8% 201,059 55.9% 1,896.8

f. 3,001-5,000 Meters 22 8.3% 90,340 25.1% 4,106.4

g. >5,000 Meters 2 0.8% 13,949 3.9% 6,974.5
Total 266 100.0% 359,374 100.0% 1,351.0

One of the complications of PLC system design is not knowing the relationship between
substations and whether a master substation actually feeds one or more subsidiary
substations. The report does not address this issue as the associated analysis is beyond the
scope of the project. Thus the analysis assumes a conservative approach that does not
realize any efficiencies that may be achievable but rather assumes each substation requires
and PLC communication device.

Table B-5 shows the estimated number of data concentrators by type required for each
utility. Table B-6 contains additional detail about the number of meters connected to
substations by provider. Overall, roughly 95 percent of the substations have less than 4,000
meters connected to them.

Table B-5
Substations and Connected Meters by Utility
High capacity Medium Capacity

Concentrators Concentrators

PROVIDER (>4000 customers) (<=4000 customers)

BED 2 5

CVPS 4 94

GMP 3 49

VEC 0 68

WEC 0 8

Smaller Utilties 0 23
TOTAL 9 247

Given that the information requested from the utilities had bin categories that span the
threshold of 4,000 meters, the share of meters with less than 4,000 connected meters had
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to be estimated based on the distribution of meters per substation. This estimate was
developed by using the information on average meters per substation from the bin data and
fitting a distribution to the data using three goodness-of-fit tests®. The distribution was then
used to estimate the proportion of substations with more then 4,000 connected meters.
CVPS and GMP were sufficiently large to apply custom distributions. For BED, the
statewide distribution was employed to calculate the share of meters above the 4,000
threshold. The analysis was not relevant to VEC, WEC, and the small utility group since
VEC has already committed to a specific network technology and WEC and the smaller
utilities clearly did not approach the threshold value.

5 The three goodness of fit test applied were the Anderson-Darling, Kolmogorov Smimov, and Chi-Square tests
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Table B-6
Substations and Connected Meters by Utility

Avg. Meters

Provider Substations Serving... # of Substations % Meters % per substation
BED a. 1 Meter 0 0.0% 0 0.0% 0.0
b. 2-100 Meters 0 0.0% 0 0.0% 0.0

c. 101-500 Meters 2 28.6% 469 2.4% 2345

d. 501-1,000 Meters 1 14.3% 905 4.6% 905.0

e. 1,001-3,000 Meters 2 28.6% 3,687 18.1% 1,793.5

f. 3,001-5,000 Meters 0 0.0% 0 0.0% 0.0

g. >5,000 Meters 2 28.6% 14,804 74.9% 7,402.0

Total 7 100.0% 19,765 100.0% 2,823.6

CVPS a. 1 Meter 0 0.0% 0 0.0% 0.0
b. 2-100 Meters 7 7.1% 143 0.1% 20.4

c. 101-500 Meters 9 9.2% 2,305 1.3% 256.1

d. 501-1,000 Meters 14 14.3% 10,078 5.8% 719.9

e. 1,001-3,000 Meters 56 57.1% 113,242 65.3% 2,022.2

f. 3,001-5,000 Meters 11 11.2% 42,106 24.3% 3,827.8

g. >5,000 Meters 1 1.0% 5,491 3.2% 5,491.0

TOTAL 98 100.0% 173,365 100.0% 1,769.0

GMP a. 1 Meter 0 0.0% 0 0.0% 0.0
b. 2-100 Meters 5 9.6% 94 0.1% 18.8

c. 101-500 Meters 6 11.5% 1,491 1.6% 248.5

d. 501-1,000 Meters 8 15.4% 5,172 5.5% 646.5

e. 1,001-3,000 Meters 25 48.1% 51,866 55.3% 2,074.6

f. 3,001-5,000 Meters 7 13.5% 26,785 28.5% 3,826.4

g. >5,000 Meters 1 1.9% 8,458 9.0% 8,458.0

TOTAL 52 100.0% 93,866 100.0% 1,805.1

VEC a. 1 Meter 1 1.5% 1 0.0% 1.0
b. 2-100 Meters 8 11.8% 79 0.2% 9.9

c. 101-500 Meters 33 48.5% 9606 24.5% 291.1

d. 501-1,000 Meters 18 26.5% 14836 37.9% 824.2

e. 1,001-3,000 Meters 6 8.8% 7971 20.4% 1,328.5

f. 3,001-5,000 Meters 2 2.9% 6645 17.0% 3,322.5

g. >5,000 Meters 0 0.0% 0 0.0% 0.0

TOTAL 68 100.0% 39,138 100.0% 575.6

WEC a. 1 Meter 0] 0.0% 0 0.0% 0.0
b. 2-100 Meters 1 12.5% 77 0.8% 77.0

c. 101-500 Meters 0 0.0% 433 4.2% 0.0

d. 501-1,000 Meters 1 12.5% 814 8.0% 814.0

e. 1,001-3,000 Meters 6 75.0% 8,914 87.1% 1,485.7

f. 3,001-5,000 Meters 0 0.0% 0 0.0% 0.0

g. >5,000 Meters 0 0.0% 0 0.0% 0.0

TOTAL 8 100.0% 10,238 100.0% 1,279.8

Smaller Utilities a. 1 Meter 1 4.2% 1 0.0% 1.0
- Hardwick b. 2-100 Meters 4 16.7% 92 0.4% 23.0
- Lyndonville c. 101-500 Meters 2 8.3% 575 2.7% 287.5
- Ludlow d. 501-1,000 Meters 9 37.5% 7,219 34.3% 802.1
- Morrisville e. 1,001-3,000 Meters 8 33.3% 13,158 62.5% 1,644.8
- Stowe* f. 3,001-5,000 Meters 0 0.0% 0 0.0% 0.0
g. >5,000 Meters 0 0.0% 0 0.0% 0.0

TOTAL 24 100.0% 21,045 100.0% 876.9

*Stowe number of meters by category estimated based on bins, number of substations, and overall meters
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B.3. METER DATA MANAGEMENT SYSTEM COSTS

The meters provide the ability to collect hourly data remotely and monitor power conditions
at the site level, and the network provides the means to communicate data from individual
service address to a central points. The final primary component of an AMI network is the
meter data management system (MDMS) necessary to facilitate billing for time-varying
pricing. Figure B-2 provides a high level overview of the costs components of an MDM
system.

Figure B-2
MDMS Equipment and Installation MDMS Operations and Maintenance
Software and Hardware Yearly Licensing/Support Fees
MDMS Costs
Installation and Set-up MDMS Operations

Utilities have two main options for obtaining MDMS functionality: 1) purchase the necessary
hardware and software licenses and run the system in-house, or 2) outsource the meter
data management. The first option requires more up-front investment, but also is
associated with lower long term operation cost for larger utilities such as CVPS and GMP.
On the other hand, outsourcing the MDMS requires a smaller up front investment and is also
more viable option for smaller utilities, with outsourcing being available for utilities as small
as 20,000 meters. This lower bound clearly raises question as to whether and how smaller
utilities such as Washington Electric, Lyndonville, Ludlow, Hardwick, etc. could support the
meter data management system required to enable time-based pricing. Technically, if the
utilities have compatible billing systems, some synergies are possible.

Table B-7 lists the meter data management options and costs employed in the analysis. For
CVPS and GMP, in-house data management was selected, with CVPS requiring $600,000
in initial software, hardware, and set-up costs and GMP requiring $500,000 in initial
software, hardware, and set-up costs. The outsourcing option was employed as the base
case in the BED, WEC, and smaller utilities analysis. In the case of WEC, and the smaller
utilities an outsourcing option was assumed to be possible in the future, though currently
meter data management outsourcing is only available for utilities with about 20,000 or more
customers.

Given the relatively small population served by all of the Vermont utilities it may be that
establishing a centralized MDMS service center could be a viable approach to meeting the
needs of all at the lowest cost for all. This was outside the scope of this report and was not
analyzed in detail.
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Table B-7

Meter Data Management Options and Costs

In-house Meter Data Management

Software, hardware, and set-up -
$500,000 to $600,000

Ongoing licensing for software and
support - $60,000 per year

Operations cost - $1 per meter/year

Outsource Meter Data Management

. Set-up - $50,000

. Operations cost - $3 per meter/year
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APPENDIX C. OPERATIONAL BENEFIT ANALYSIS

There is a wide variety of operational benefits that potentially can be obtained with the
implementation of AMI. The focus of the analysis was in quantifying the following three
main operational benefits based on the data provided by the ultilities:

¢ Avoided meter reading costs
¢ Reduced call center costs
¢ Reduced outage management costs

In addition, because of their high account turnover, BED requested an analysis of the
benefits associated with adding remote connect/disconnect capabilities to some of their
meters. Incorporating remote connect/disconnect functionality in AMI meters significantly
reduces the need to dispatch field crews to disconnect and reconnect the power when
customers move or as a means of managing collections.

The analysis presented here was based primarily on information provided by the utilities
through the data request that was initiated at the outset of the project (see Appendix H). In
many cases, the details needed to develop estimates for certain benefit streams were not
collected by a utility and, therefore, could not be provided. For example, most utilities in
Vermont do not gather information on the number of calls by call type, making it very difficult
to estimate reductions in call center costs associated with fewer estimated bills or
complaints about meter readers. Hardly anyone was able to provide information on the cost
of billing exceptions or manual billing operations. Importantly, utility budgeting and data
tracking practices are not uniform within Vermont. As a result, the inputs employed in the
analysis were gathered from, presented to, and vetted by individual utilities.

Where appropriate, if data was not provided by a specific utility, costs were estimated based
on information provided by other utilities in Vermont, making judgmental adjustments based
on differences in the number or meters, customers or other utility characteristics. When in
doubt, an attempt was made to err on the conservative side. In a number of instances,
savings were not counted even though they might be obtainable and quantifiable through
more detailed, utility-specific business case analysis. As a result, the estimated operational
savings probably undercount what is possible if AMI was deployed and fully integrated into
business operations.

C.1. AvoOIDED METER READING COSTS

Avoided meter reading costs generally comprise the majority of utility operational benefits. If
a complete and detailed analysis were to be done, avoided meter reading costs should
include the direct labor costs associated with regular and off-cycle read costs; the cost of
employee benefits and overheads; reductions in post-employment benefits such as pension
contributions and ongoing health costs after retirement; vehicles and materials, including
hand-held reading devices (plus replacement of same); and any reduction in insurance or
claims associated with safety and premise damages from meter reading activity. In many
instances, it was not clear whether all of the above costs were included in the data provided
by the utilities.
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Table C-1 summarizes the information associated with meter reading activities obtained
from the largest four utilities (except VEC) and for the small utility group as a whole. Table
C-2 provides similar information for the five small utilities.

Meter Reads and Meter Reading Costs

Table C-1

Smaller
Category BED CVPS I GMP2 WEC Utilities I
(2]
= § Normal-Cycle Reads (annual) 237,180 2,139,533 571,000 123,036 238,044
=
= § Off-cycle Reads (annual) 2,484 22,411 1,289 620
]
= TOTAL 239,664 2,161,944 571,000 124,325 238,664
£ Labor Costs $61,025 $2,478,296 $340,000 $110,000
o
©  Vehicles Costs $592,657  $190,000
(1]
g Other Meter Reading Costs $30,605 $75,810 $5,400
<  TOTAL $91,630 $3,146,763 $530,000 $115,400 $270,490
Costs per Manually Read Meter $0.38 $1.46 $0.95 $0.93 $1.13
1] CVPS labor costs do not match data response. Vehicle costs were separated from labor costs based on feedback from CVPS. Other
meter reading costs include the cost associated with the operation and maintenance of handheld device ($35,820) and the cost of
remotely read meters ($33,990)
[2] GMP labor costs do not match data response. Vehicle costs were separated from labor costs based on feedback from GMP. Total meter
reads were based on 2005 GMP filing. After discussions with GMP, the estimated number of meter reads provided in the data request
was not employed because it undercounted customers by roughly 35,000.
Smaller utility costs were based on meter reading budgets provided in the data request. Only half the meter reading budget was included
[3] for Stowe as it also provides meter reading associated with water services.
Table C-2
Meter Reads and Meter Reading Costs for Five Small Utilities
Annual 2005 meter 2006 meter
number of Annual Labor Annual Avg. Cost per reading reading
Utility reads [l Cost Other Costs meter read(? budget budget
Hardwick 43,512 $49,159 $6,348 $1.19 $45,100 $51,900
Ludlow [3! 44,988 $35,766 $0.80
Lyndonville 66,552 $5,546 $0.92 $61,747 $61,324
Morrisville 45,216 $56,155 $3,500 $1.42 $65,000 $64,000
Stowe 1] 45912 $57,500 $1.25

[1] Number of reads calculate based on the frequency in which meters were read

[2] 2006 meter reading budget divided by the number of meter reads. If meter reading budget was not provided the labor costs
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associated with meter reading were divided by the number of meter reads. For Stowe half the labor costs were employed.

[3] For Ludlow, the estimated number of meters produced in response to the data request was less than the number of customers.
The numbers of meters was adjusted upwards by 700 meters to correct the discrepancy.

[4] Stowe provided both electric and water services. Only half of the annual meter reading labor cost was assumed to be associated
with electric meters.

In calculating benefits, total meters read were assumed to grow in proportion to the growth
in the customer population, equal to 0.52% per year for all utilities except BED, which
provided its own forecast of customer growth at 0.39% per year. Meter reading costs were
assumed to grow in tandem with the growth in total meters read. Finally, a separate
escalation rate was employed for labor costs (3.5%) and other meter reading costs, which
were assumed to grow at the general inflation rate (2.5%).

C.2. REDUCED CALL CENTER COSTS

The elimination of estimated bills and inaccurate meter reads can also reduce call center
costs. The number of calls can be reduced in at least five areas: high bill inquiries due to
inaccurate meter reads; bill inquiries associated with estimated bills; delayed bills due to
unavailability of meter reads; and complaints about meter readers.

Most utilities in Vermont do not gather information on the number of calls by call type,
making it very difficult to estimate reductions in call center costs associated with fewer
estimated bills, complaints about meter readers, or outages. As a proxy, call center cost
savings of 10 percent were applied to the call minutes that were not related to storms. The
10 percent call reduction is consistent with the call center savings estimates filed by Central
Maine Power in their recent AMI business case filing.¢ For context, the estimates used for
the DR analysis were compared with the CVPS preliminary estimates of call center cost
savings. CVPS provided the preliminary estimates in terms of dollars per meter-month. The
value was converted into an annual savings estimates based on the number of single phase
meters and roughly represented a 30% decrease in call center costs. As such, we believe
the 10 percent estimate is conservative.

BED and GMP provided data on the overall call related budget, the number of calls, and
total call minutes. In addition, GMP provided separate estimates of call duration for storm
versus non-storm related calls. CVPS provided data on their overall budget and total
number of calls, but did not have data on the number of call minutes. WEC only provided
total call minutes and was not able to distinguish the share of its budget associated with
customer service calls versus storm-related calls. For the smaller utilities, no call savings
were assumed since the smaller utilities generally did not have separate call center budgets,
and they generally did not have any personnel whose sole function is answering customer
calls.

6 Docket Number... . AMI business cases
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Table C-3 describes at a broad level the information used to calculate call center costs and
the savings due to AMI. Values that were not directly provided by a utility but were
estimated are indicated in bold and italicized font.

Table C-3
Call Center Cost Estimates

Call Related Information BED!"] CVPS 2 GMP WEC [l

Call related budget $308,269 $874,246 $1,007,500 $274,623
Number of annual calls 87,524 343,710 173,240 48,936
Average call duration 1.85 2.20 243 2.43
Total call minutes 161,919 756,088 420,880 118,898
Average cost per call minute $1.90 $1.15 $2.50 $2.50
Call minutes used for analysis 161,919 659,418 388,880 109,849
Cost per call minute used for analysis $1.90 $1.15 $2.50 $2.50
Base percent reduction in costs 0% 10% 10% 10%

[1] The BED base percent cost reduction was set at zero because most of the utility’s calls are not related to billing but to
service connection and disconnections. In addition, very few of their calls are related to storms or outages.

[2] CVPS provided data on total storm and non-storm related calls and its overall budget. The average call duration was
estimated based on the GMP data on call duration of storm related and non-storm related calls. Average cost per call
minute was based on the CVPS budget and the estimate of total call minutes.

[3] WEC provided data on total calls, but was unable to distinguish between storm and non-storm related calls, and did not
identify the budget associated with customer calls. The estimates of overall call minutes, cost per call minute, and call
minutes not associated with storms were based on the GMP data. BED data was not applied because of its significantly
smaller geographic footprint, substantially lower reliability indices (likely due to terrain and underground wires), different
customer demographics, and lack of distinction between storm related and non-storm related calls.

Overall, call center cost savings will likely be a function of not only the type and quantity of
calls currently received, but of how customer calls are currently handled. Utilities that have
call systems with less automation are likely to experience higher cost savings. Given this, in
practice, the percent reduction in call center costs will likely vary by utility.

Table C-4 provides the annual call center savings (in 2006 dollars) associated with different
levels of reductions in call minutes. For the analysis presented here, call center costs were
assumed to grow in proportion to population growth (0.5%) and were adjusted for inflation
(2.5%) prior to discounting. During the meter deployment period, the savings were assumed
to occur in proportion to the number of meters installed and connected to the network.
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Table C-4
Annual Call Center Savings Sensitivity Analysis

% Reduction in Call Minutes
Utility 2.5% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5% 20.0%

BED $7,691  $15382 §$23,073 $30,765  $38456  $46,147  $53,838  $61,529
VPS $19,035 §$38,070 $57,105 §$76,140  $95175 §$114210 $133,245 $152,280
GMP $24,305 $48,610 $72915 §97,220 $121,525 $145830 $170,135 $194,440
WEC $6,866  $13,731  $20,597  $27,462  $34,328  $41,193  $48,059  $54,925

C.3. REDUCED OUTAGE MANAGEMENT COSTS

AMI systems with two-way communications can be used to reduce utility outage
management costs. This benefit is in addition to the customer reliability benefit associated
with reduced outage durations, which is discussed in appendix F. The AMI system can
“ping” a meter when a customer calls regarding an outage to determine whether or not the
outage is on the customer’s side of the meter, thus avoiding unnecessarily dispatching a
field crew. Outage detection can also help reduce outage duration and restoration costs
during wide scale outages by detecting whether or not power has been successfully
restored everywhere while crews are still in the field, thus avoiding crew re-dispatch.

From a utility perspective, AMI reduced cost associated with field crews and field trips. As
result, the analysis quantifying avoided outage management cost is grounded on:

+ The number of avoided field trips for each utility associated with outages on the
customer side and the costs associated with the field trips

+ A 10 percent reduction in the overall storm related budget due to avoided crew re-
dispatches associated with incomplete outage restoration efforts.

Table C-5 summarizes outage related field trips associated due to outages on the customer
side or on the utility side of the meter. Only CVPS and GMP were able to provide data on
the number of field trips and the costs per trip, and only CVPS distinguished between trips
due to actual utility outages and trips associated with outages on the customer side of the
meter. Given that outages on the customer side (false alarms) are unrelated to actual
reliability indices and do not vary by geography or density, the CVPS data on number of
outages on the customer side could be extrapolated to other utilities in proportion to the
residential customer population. On the other hand, trip costs do vary based on the density
and geography o